Objective: To examine the association between environmental, social, and personal factors and cycling for transportation among university students. Methods: Five hundred and thirty-eight university students participated in the questionnaire study. Multi-nominal regression analysis was applied to identify associations between independent variables and cycling behavior. Results: Forty-one percent of the students were regular cyclists and 15% irregular cyclists. Regular cycling was negatively associated with the perception of traffi c safety and positively associated with high safety from bicycle theft, many friends cycling to the university, high emotional satisfaction, little physiological effort, and high mobility. Irregular cycling was positively related with environmental attractiveness and little physiological effort. Conclusions: Improving bicycle parking security and promoting peer support for and positive psychological experiences and convenient mobility of cycling may increase this transport mode among university students.
Recent studies suggest that a number of personal, social, and environmental variables are correlated with physical activity behavior. However, studies are needed to show more specifi cally which characteristics of the built environment affect what types of physical activity to what degree. 9 Only a few studies have addressed the correlates of cycling. In a Dutch study the relationship was investigated between demographic, cognitive, and social attributes and cycling for transport among adolescents. 10 It was found that ethnicity (native Dutch), perceived behavioral control, and education were positively and a high degree of urbanization was negatively associated with the use of bicycles. Applying objectively measured environmental attributes it was found that a sloping terrain decreased the likelihood of cycling among student and staff commuters to the University of North Carolina. 11 It is clear that to better understand the determinants of cycling more studies are needed to explore the different correlates of cycling behavior in general and for transportation in particular.
The aim of our study was to examine the association between the physical environment, social environment, and personal attitudes and cycling for transportation among university students.
Methods

Study Design and Subjects
We conducted a cross-sectional questionnaire study. In the spring of 2004 the questionnaires were distributed and collected during lectures. The study population (N = 802) consisted of all students enrolled in the Institute of Geography and Regional Science (n = 458) and the Institute of Sports Science (n = 344) of the University of Graz, Austria. Six hundred and thirty-four (71%) responded to the questionnaire. Table 1 summarizes the socio-demographic data of the subjects who responded to the questionnaire and lived in the city of Graz during the study week.
Measures
Age was derived from the year of birth. Body-mass index (BMI) was computed using the reported weight and height (kg/m 2 ). Respondents were categorized as non-smokers if they reported smoking less than one cigarette per day. The perceived socio-economic status was assessed by the question as to how well the student was able to cope with the money at his/her disposal. Exercise behavior, i.e., vigorousintensity physical activity for at least 20 min such as jogging, aerobics, fast swimming, was classifi ed into fi ve stages according to the Transtheoretical Model.
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Development of the Questionnaire. The questionnaire included questions concerning socio-demographic aspects and cycling behavior, and questions about the perceived environmental, social, and personal attributes of cycling for transportation according to the framework of ecological models of health behavior. 13 Based on a review of the published literature on cycling, [14] [15] [16] a list of potentially important environmental, social, and attitudinal items for cycling as a means of transportation was generated. Next, we conducted fi ve focus group discussions to extend and refi ne the environmental, social, and personal attributes relevant to cycling. The subjects (n = 41) were students from a university and from a high school. The discussion groups ranged in size from 5 to 11 members. A semi-structured moderating approach was used to elicit responses. The moderators (always two of the authors) used a prepared topical guide. Group discussions were tape recorded and transcribed. Qualitative data were indexed and summarized. 17 This procedure allowed us to create a relevant list of items. A draft questionnaire was pre-tested among a sample of students before the fi nal questionnaire was designed.
Independent Variables. For the assessment of environmental determinants for cycling we used the conceptual framework by Pikora 15 which includes 28 variables. Based on the focus group discussions, 13 items of the framework were deleted (e.g., surface type, intersection design, driveway crossovers) and 10 items were added (e.g., presence of tramway lines, confl icts with car drivers, confl icts with other cyclists and pedestrians, danger of bicycle theft). In our questionnaire the environmental items were structured into functional (seven items), safety (seven items), aesthetic (fi ve items), and destination (three items) features. In addition we included items on the "home neighborhood" (three items). The social environment was assessed by two items: peersʼ behavior and social status of cyclists. The studentʼs personal attitude towards cycling was evaluated by means of statements expressing advantages (nine items) and disadvantages (eight items) of cycling. Figure 1 shows the fi nal model items. The fi gure is based on the ecological framework of context specifi c behavior by Giles-Corti and colleagues. The questions were introduced by the statement: "Although you may not use the bicycle to go to the university, we request you to answer these questions about your actual or possible cycling path. Please mark the answer that best fi ts the description. There is no right or wrong answer-we are merely asking you for your personal judgment." With one exception the responses were given on a 4-point scale ranging from "strongly disagree" (1) to "strongly agree" (4) . Each scale also had the choice "I donʼt know." After completing the questionnaire, the students drew their route from home to the university on a city map. The home-touniversity distance was determined by entering the information into a geographic information system (ArcGIS Desktop, ESRI, Redlands, CA).
Cycling Behavior. Cycling behavior was assessed by four questions: 1) Have you used the bicycle during the past 7 d (yes/no)? If yes, on 2) how many of those 7 d did you cycle to the university (number of days)? 3) How much time does it take to reach the university on a usual day (time in minutes)? 4) How much effort does it take to cycle to the university (3-point scale: little, medium, or heavy effort)? Those who did not cycle to the university at least once during the past 7 d were defi ned as non-cyclists. Those who cycled to the university one to three times during the past 7 d were defi ned as irregular cyclists. Students who cycled to the university more than three times during the past 7 d were classifi ed as regular cyclists.
For the assessment of the test-retest reliability of the questionnaire, 32 students completed the questionnaire twice within a 14-to 28-d interval. Individual test-retest reliability (intra-class correlations) for all items was assessed by Spearmanʼs correlations. Two-way random-effects single-measure intra-class correlations were used to evaluate the test-retest reliability of each of the subscales. Five of the ten subscales had a test-retest reliability of 0.72, four subscales had an agreement between 0.64 and 0.48, and one subscale showed an agreement of 0.37 (non-motorized confl icts). Individual test-retest reliabilities for items showed agreement between 0.89 and 0.62. One item had an agreement of 0.42 (cycling as a means of transportation is expensive). The test-retest reliability for the frequency of cycling to university was 0.77 and for the time taken to cycle to and from university, 0.91.
Statistical Analysis
All data analyses were performed using SPSS version 12.0 for Windows (SPSS, Inc., Chicago, IL). For data cleaning, the frequencies of all variables were examined for missing, unlikely, or out-of-range values, and were checked against the original source. In a second step, logically related variables were checked for consistency. We compared the mean values of the items with and without replacing the missing values. There were no statistically signifi cant differences between the mean values. In order not to further reduce the sample size we have replaced the missing values in the items by the mean value of the item.
To reduce the number of independent variables, the items concerning the physical and social environments and personal attitudes were separately subjected to a factor analysis using the principal components analysis and applying the orthogonal rotation (VARIMAX). The "eigenvalue greater than one" criterion, the scree plot, and the reasonableness of the factors were used to determine the number of components. [19] [20] [21] This analysis included all 634 students who responded to the questionnaire.
Before conducting the multi-nominal regression analyses, 22 items were recoded in order to express a positive relationship with cycling. Multi-nominal regression models applying automatic stepwise backward procedure for variable selection examined associations between independent variables and cycling behavior. During the selection procedure all models were controlled for gender, age, economic situation, and also for distance from home to the university and exercise level because these two variables showed an association with cycling for transportation. 8, 22, 23 For these analyses only students who lived in the city of Graz (N = 538) were included in order to avoid long distances as a barrier for cycling.
Results
A total of 634 students completed the questionnaire (response rate, 71.1%). Fivehundred and thirty-eight of the students lived in Graz. Of these, 234 (43.5%) did not cycle to the university, 81 (15.1%) cycled between one and three times to the university (irregular cyclists), and 223 (41.4%) cycled at least four times to the university (regular cyclists).
Environmental components and individual components were extracted from the factor analysis (Tables 2 and 3) : traffi c safety, traffi c fl ow, connectivity, safety from bicycle theft, non-motorized confl icts, and attractiveness of surroundings and physiological effort, emotional satisfaction, mobility in general, and personal safety of cycling. Cronbachʼs alpha of the subscales ranged between 0.39 and 0.66.
In addition to the factorized components, single environmental (topography, land use mix along the route, noise pollution, street lighting, and parking facilities for bikes), social (peersʼ behavior, social status of cyclists), and personal items (rain, ecological consciousness, costs, and speed of transportation) remained in the model.
The results of the multi-nominal regression analysis are summarized in Table 4 . The table includes all components and items which showed statistically signifi cant differences between non-cyclists and regular cyclists or between non-cyclists and irregular cyclists. The model accounted for 38% of the variance of cycling behavior (Nagelkerke R 2 = 0.379). Students who considered the traffi c safety on their way to the university as high were 45% less likely to cycle regularly than those who rated the traffi c safety low. Those who were not concerned about bicycle thefts were more than twice as likely to cycle regularly to the university than students who considered bicycle theft as a danger. Those who associated cycling with pleasure, fi tness, relaxation, and closeness to nature (emotional satisfaction) were about twice as likely to cycle regularly to the university than those who associated cycling as an emotionally unpleasant mode of transportation. Students who judged the physiological effort of cycling positively were also twice as likely to use the bicycle regularly compared to students who judged cycling as physiologically unpleasant. Those who appreciated the high mobility of cycling were more than three times as likely to be regular cyclists than those who did not appreciate cycling as a highly mobile means of transportation. Students who recognized that many other friends also cycled to university were more than twice as likely to cycle regularly to the university than students who did not have many friends cycling to the university. Irregular cyclists assessed two attributes differently compared to non-cyclists. Those who identifi ed the environment as being attractive for cycling were twice as likely to cycle irregularly to the university than those who rated the cycling surroundings as less attractive. Students who did not associate cycling with effort, sweating, and stress (physiological effort) were more than two and a half times more likely to cycle irregularly to the university compared to those who considered cycling as physiologically unpleasant.
Discussion
To date, little research has been published on the relationship between environmental factors and cycling for transportation. More often cycling has been combined with walking as an outcome variable. 8, 24 The evaluation of environmental audit instruments revealed that a total of nearly 200 variables have been used to capture potentially important environmental attributes for walking and cycling. 25 This large number of variables indicates that there is still little agreement about the relevant environmental attributes for non-motorized transportation.
In the public health research area three scales have been recently developed for the assessment of environmental characteristics that are believed to be related to recreational physical activity and non-motorized transportation: the Neighborhood Environment Walkability Scale (NEWS), the South Carolina instrument, and the St. Louis instrument. 26 In a Belgian study a modifi ed version of NEWS was used applying 40 items to assess neighborhood environmental attributes which were believed to be related to walking and cycling for transportation and leisure. 27 These items were compiled to form 12 environmental constructs. In another study, the South Carolina instrument was applied to assess perceptions of environmental supports for physical activity. 28 The questionnaire included 13 questions about the neighborhood environment and 13 questions about the community environment. A version of the St. Louis instrument was used to examine the association between transportation and recreational physical activity and characteristics of the neighborhood environment. 29 The 24 questions were compiled to form 17 environmental constructs. The following environmental constructs were measured by at least two of the three instruments: land use mix-diversity, land use mix-access, infrastructure for walking/cycling, ease of reaching public transportation stop, neighborhood aesthetics, safety from crime, safety from traffi c, and neighborhood physical activity level. However, in none of these studies were the relationships between the environmental constructs and cycling in particular reported. Furthermore, all three scales were developed to assess the environment of the living area but not the environment along the transport route.
There was one unexpected relationship between traffi c safety and cycling behavior. Those who perceived a high traffi c safety along their path were less likely to cycle regularly. A similar paradoxical inverse relationship was found in connection with walking and the danger of dogs. 30 In our study persons who cycled regularly may be more frequently aware of the traffi c dangers because of personal experience than persons who spent less time cycling for transportation. Safety from bicycle theft, on the other hand, was positively associated with regular cycling. Based on our analysis, the results about bicycle theft were not confounded by the value of the bicycle. A chi-square test showed that cycling to the university was not different between those students only owing an expensive bicycle compared to those owing a less expensive bicycle. This fi nding suggests that municipal authorities should invest money in public cycle stands to assist cyclists in locking their bicycles securely.
The enjoyment of cycling was positively correlated with regular cycling. A review about correlates of physical activity in adolescents (age 13 to 18 y) documented no relationship between enjoyment and exercise. 31 Two cross-sectional studies and a longitudinal study showed that enjoyment is positively related with vigorous exercise among adults. [32] [33] [34] Although it is somewhat self-evident that students who enjoy cycling for transportation are more likely to cycle regularly, this result shows the importance of emphasizing the element of emotional satisfaction in promotional campaigns.
Perceived good mobility of cycling was positively associated with regular cycling. As 75% of our subjects lived within 3.5 km of the university, this is likely to refl ect the ease of reaching the destination. The perception of good mobility among regular cyclists, however, is not only a question of distance but also the perception of other types of freedom (e.g., cyclists have more freedom than other road-users regarding traffi c rules, cycling through the city is faster than driving a car, everyday clothes are appropriate for cycling) as refl ected by the dimensions of our mobility construct.
The perception that peers also cycle to the university was positively related with regular cycling. Based on a review by Sallis et al. 31 peer modeling in adolescents was not found to be related with physical activity. In some older studies a positive relationship is reported between parental as well as peer behavior and the physical activity level. 35, 36 The results of a longitudinal study among university students even show that direct modeling of behaviors was the strongest socialization technique in developing healthy behaviors. 36 The multi-nominal regression analysis also revealed that attractiveness and physiological effort were perceived differently by irregular cyclists compared to non-cyclists. The perception of an attractive environment was positively related with irregular cycling. In contrast, attractiveness was not statistically signifi cantly correlated with regular cycling. It was shown that attractiveness is positively correlated with physical activity in general. 37 As cycling to work is different from cycling for leisure, the attractiveness along the path might be less important for regular cyclists. The physiological effort, i.e., less strain and stress and less annoyance regarding sweating, was positively related with both irregular and regular cycling. Based on the decisional balance, one assumption is that cyclists perceive the advantages rather than the disadvantages of cycling as a means of transportation. This may cause them to downplay the disadvantages of this activity. Another explanation for the physiological-effort result is that cyclists are more fi t and as a consequence face less strain or fatigue. This explanation is supported by the fact that the proportion of regular exercisers (students in the stages action and maintenance) is signifi cantly higher among the cyclists compared to the non-cyclists. However, the multi-nominal regression model was controlled for the physical activity behavior. A further explanation could be that cyclists are not bothered by sweating and strain.
We included the group of irregular cyclists in addition to regular cyclists in our analysis because we wanted to know whether there are differences in the assessment of environmental as well as psychosocial attributes in comparison to non-cyclists. The results indicated that the relevant attributes for irregular cyclists were partly different from those of the regular cyclists. To control for the possibility that irregular cyclists were those in higher-level courses with few obligatory lectures and therefore few obligatory university visits per week, we compared the number of semesters between regular and irregular cyclists. No differences were found.
The present cross-sectional study has certain strengths as well as weaknesses. Our study sample was relatively large and the response rate rather good (71%). We focused on one specifi c behavior: cycling for transportation from home to the university and back. Therefore, the respondents related all questions to this particular behavior and did not have to generalize their answers for different behaviors. Particular attention was given to the development of the measuring tool. The attributes of cycling were identifi ed through a literature review, focus group discussions, and factor analysis. Thus, we were able to defi ne scales of clustered variables specifi c to the behavior under study and to the study population. The multi-step instrument development should prove useful in future studies focusing on the determinants of cycling for transportation.
The weaknesses of the study concern its design and method. Owing to its cross-sectional design, the specifi c study population, and the self-reported questionnaire data, our fi ndings primarily serve as a basis for further studies. However, we believe that the present investigation is an important step towards understanding environmental, social, and personal factors associated with cycling behavior. The results will help to target future studies, and eventually to design interventions that will enhance cycling as a means of transportation for the purpose of improving health.
This study identifi es the need for future research on cycling for transportation. For example, the inverse relationship between traffi c safety and cycling behavior was unexpected. We speculate that regular cyclists may experience more often than irregular cyclists "near -accidents" with cars or due to heavy traffi c or the presence of tramway lines or the lack of bicycle lanes. Audits of frequently used routes may help to identify which circumstances lead to dangerous situations for cyclists.
Furthermore, the university should monitor changes in studentsʼ transportation mode as a result of initiatives such as improvements of bicycle racks on the campus.
In summary and conclusion, the multi-nominal regression analysis revealed that traffi c safety was negatively, and the attractiveness of transport environment, safety from bicycle theft, the emotional satisfaction of cycling, the low physiological effort of cycling, the mobility of cycling, and cycling among friends were positively related with cycling for transportation.
Improving bicycle parking security and promoting peer support for and positive psychological experiences and convenient mobility of cycling may increase cycling for transportation among university students.
